ABSTRACT Major changes in the mRNA population of murine liver occur after administration of bacterial lipopolysaccharide, an agent that causes increases in the concentrations of acutephase serum proteins. The mRNA for one of these, serum amyloid A, is increased at least 500-fold compared to the normal level. It becomes one of the most abundant hepatic mRNAs, and serum amyloid A synthesis comprises about 2.5% of total hepatic protein synthesis in the acute-phase response. Its synthesis is tissue-specific in that amyloid A mRNA was not detected in the kidney, an important site of amyloid fibril accumulation. The protein synthesized in largest amount by acute-phase liver tissue in culture is cytoplasmic actin. Its relative rate ofsynthesis is increased about 5-fold compared to the normal tissue; that of serum albumin is decreased to about one-third ofits normal rate. The concentration of mRNA for serum albumin is decreased by a similar amount. Starting with induced liver RNA, we have constructed a recombinant plasmid containing most ofthe DNA sequence encoding the serum amyloid A polypeptide.
In a number ofmammalian species the concentrations ofseveral proteins in. the serum are increased as much as 1000-fold by infection, inflammation, or malignant neoplasia (1, 2) . One of these acute-phase proteins is C-reactive protein, which is believed to play a role in defense against infection. It can fix complement in the presence of phospholipids or bacterial cell wall constituents, and it can cause opsonization for phagocytosis of various bacterial species (3) . Another acute-phase protein is serum amyloid A (SAA). It is a possible precursor to the major protein component [amyloid A (AA)] of the predominantly extracellular amyloid fibrils. found in the most frequent form of amyloidosis, reactive systemic amyloidosis. This condition is a serious complication of diseases involving chronic inflammation, one of which is rheumatoid arthritis (4) . The individual polypeptide which is homologous to amyloid A protein is called SAAL (it is obtained by denaturation of SAA). The SAAL concentration may reach 1 mg/ml in serum by 18 hr after administration of bacterial, lipopolysaccharide (LPS) or casein (1, 5, 6) . Other abundant acute-phase serum proteins include the protease inhibitor a2-acute-phase glycoprotein and the al-major acute-phase protein of the rat.
An attractive hypothesis to explain the rapid increase of SAAL concentration after LPS administration is induction of de novo biosynthesis by hepatocytes, followed shortly by release into the serum, as seen with C-reactive protein (2) . ["Induction" is used to refer to specific stimulation ofthe relative rate of synthesis of a particular protein without implying an increase in synthesis of its mRNA (7) ]. SAAL biosynthesis may provide a useful model for investigation of the control of gene activity in animal cells because its concentration in serum increases about 3000-fold (1) .
However, conflicting evidence has been reported on the origin of SAAL. On the one hand, cultured hepatocytes produce material that binds to antibody against AA (8) . Antigen has been detected in hepatocytes from animals treated with LPS but not in spleen cells or in normal liver cells (9) . Furthermore, the acute-phase SAAL increase is prevented by inhibitors of RNA and protein biosynthesis (10) .
On the other hand, it has been suggested that SAAL is not synthesized de novo in the acute-phase response but is released from a preexisting normal constituent of fibroblasts, kidney, aorta, leukocytes, etc. (11, 12) . Determination ofthe tissue distribution and, amount of SAAL mRNA during the acute-phase response should resolve some of the issues regarding amyloid protein, production.
MATERIALS AND METHODS
Male Swiss mice were used (30-50 g). LPS (100 ,Ag per animal) was dissolved in 0.15 M NaCl/4% mouse plasma and administered intraperitoneally. Rabbit antiserum to murine amyloid A protein was kindly provided by J. D. Sipe (1, 8, 10) . Lipoproteins were removed (13) and IgG was purified (14) . Purified human platelet actin was generously given by I. M. Herman and T. D. Pollard (15) (Fig. 3 ) was subjected to NaDodSO4/polyacrylamide gel electrophoresis (Fig. 2) . Its apparent size (12 kDal) and composition were as expected (24) . SAAL contains two methionine residues, at positions 16 and 23 of the sequence (5, 6, 24) . Consequently, CNBr cleavage should yield a major COOH-terminal peptide of about 9.4 kDal. This was observed (Fig. 2) . The other two peptides are too small (1.5 and 0.8 kDal) to be readily visualized by NaDodSO4/polyacrylamide gel electrophoresis.
If the 14-kDal immunoprecipitable protein made in vitro were similar to SAAL except for additional residues at its NH2-terminus, it should yield the same COOH-terminal peptide upon CNBr cleavage. This was found (Fig. 2) ; the major radioactive peptide comigrated with the COOH-terminal peptide of SAAL. We conclude that the 14-kDal protein is similar to SAAL but has additional residues at its NH2-terminus, based on immunoprecipitation and CNBr cleavage results. SAAL was abundant after 1 hr of radioactive labeling of post-LPS liver tissue (see below), but the 14-kDal protein has been found only after translation in vitro. These results are expected for a secreted Biochemistry: Morrow et al. (Fig. 4D ).
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The hepatic protein made in largest amount after administration of LPS has an apparent molecular weight of41,000 (Fig.  4) RNA was extracted from livers of two mice at the times indicated after administration of 50 ,ug of LPS. After in vitro translation and NaDodSO4/polyacrylamide gel electrophoresis (Fig. 1 ), fluorograms were obtained that were within the linear range of exposure as a function of radioactivity (19) . The (20) . The basic end was at the right side of each fluorogram. These are short exposures, for quantitation of the proteins synthesized in largest amounts. The radioactive protein in the culture medium (<10%) does not significantly alter the distribution shown here.
68 kDal in Fig. 5 (27) . It comprised 7-11% of the 'S-labeled protein made by normal murine liver in culture and about onethird as much after administration of LPS (Figs. 4 
and 5) (22).
SAAL mRNA Increases in Amount After LPS Administration, and Albumin mRNA Decreases. We used recombinant plasmid DNAs to learn whether the changes in rates ofsynthesis of SAAL and albumin are attributable to changes in amounts of their mRNAs or to translational activities of those mRNAs. To isolate a plasmid containing SAAL encoding sequences, we purified polyadenylylated RNA from murine liver 24 hr after administration of LPS. Double-stranded DNA was prepared by use of reverse transcriptase and DNA polymerase I (28) . Homopolymer dC tails were added to it, and it was cloned by using the Pst I site of pBR322 (29) . The resulting recombinant plasmids (142 ofthem) were screened for efficiency ofhybridization with reverse transcripts of normal liver RNA and of RNA from liver after administration of LPS (25) . Nine plasmid DNAs that hybridized much more efficiently with the latter were denatured and bound to nitrocellulose. After annealing with RNA from liver after LPS adminstration, the hybridized RNA was eluted and translated in the wheat germ-derived system (30) . Plasmid pRS48 yielded a 14-kDal polypeptide (Fig. 1) that immunoprecipitated specifically with anti-AA. Most of the other recombinant plasmids did not yield the 14-kDal polypeptide by this method. pRS48 contains a 480-base-pair segment bounded on each side by a Pst I site, in addition to its pBR322 DNA sequences. We conclude from these and similar results that pRS48 encodes SAAL.
Normal and LPS-treated murine liver RNAs were tested for their ability to hybridize with pRS48 DNA, by RNA filter transfer hybridization (21) . After LPS administration, liver contained a RNA that hybridized specifically with pRS48; it was not detected in normal liver (Fig. 6) male rat liver; it is not found at all in female rats (32) . The ranges of modulation of major mouse urinary proteins and metallothioneins are much smaller, 5-fold and 3-fold, respectively (33, 34) . Also, a number ofhepatic enzymes are increased by hormones, but they are not abundant proteins and are induced 10-fold or less (7) .
The mechanism of acute-phase protein induction is not known in detail. However, a factor elicited from macrophages by LPS stimulates SAAL production by cultured hepatocytes (8) . This factor may be important in SAAL induction in vivo.
The amyloid A fibril protein, AA, may be produced by proteolytic cleavage (4) of the SAAL polypeptide synthesized by hepatocytes and transported in serum amyloid A to sites of amyloid deposition such as the kidney (8, 9, 13) . Our findings support this model. The amount of SAAL synthesized by the liver appears to be comparable to that found in blood plasma. Ofcourse, other tissues may also synthesize SAAL. The recombinant plasmid described here should permit sensitive measurements of SAAL mRNA outside the liver.
Coelectrophoresis in two dimensions with human platelet actin is strong evidence that the protein synthesized in largest amount by cultured liver after administration of LPS is cytoplasmic actin. Coelectrophoresis is not unexpected because the amino acid sequence of cytoplasmic /&actin appears to be invariant among mammals (35) . This is the main form of actin in rat hepatocytes and human platelets (20) . The increase in actin synthesis may be related to changes in the liver's sefretion activities. Cytochalasin D, a relatively specific inhibitor of actin microfilament function, interferes with lipoprotein secretion by cultured hepatocytes (36) .
The magnitude of the induction of SAAL mRNA should facilitate investigation of the control of its synthesis. Also, the recombinant plasmid described may permit determination of the number ofgenes encoding SAAL. The nucleotide sequence indicates that the plasmid contains most of the residues encoding SAAL (unpublished data). The sequence of murine SAAL from inbred strains shows more than one amino acid residue at several positions, indicating that at least four genes encode similar polypeptides (5, 24) . For comparison, the family of major urinary proteins of the mouse, also synthesized in the liver, is encoded by about 15 genes (33) .
